The master asymptotic behavior of the usual parachor correlations, expressing surface tension σ as a power law of the density difference ρL − ρV between coexisting liquid and vapor, is analyzed for a series of pure compounds close to their liquid-vapor critical point, using only four critical parameters (βc) −1 , αc, Zc and Yc, for each fluid. This is accomplished by the scale dilatation method of the fluid variables where, in addition to the energy unit (βc) −1 and the length unit αc, the dimensionless numbers Zc and Yc are the characteristic scale factors of the ordering field along the critical isotherm, and the temperature field along the critical isochor, respectively. The scale dilatation method is then formally analogous to the basic system-dependent formulation of the renormalization theory. Accounting for the hyperscaling law
, we show that the Ising-like asymptotic value πa of the parachor exponent is unequivocally linked to the critical exponents η, or δ, by
(here d = 3 is the space dimension). Such mixed hyperscaling laws combine either the exponent η, or the exponent δ which characterizes bulk critical properties of d dimension along the critical isotherm or exactly at the critical point, with the parachor exponent πa which characterizes interfacial properties of d − 1 dimension in the non-homogeneous domain. Then we show that the asymptotic (symmetric) power law (αc)
" πa is the two-dimensional critical equation of state of the liquid-gas interface between the two-phase system at constant total (critical) density ρc. This power law complements the asymptotic (antisymmetric) form (µρ − µρ,c) , separating then the respective contributions of each scale factor Yc and Zc, characteristic of each thermodynamic path, i.e., the critical isochore and the critical isotherm (or the critical point), respectively. The main consequences of these theoretical estimations are discussed in the light of engineering applications and process simulations where parachor correlations constitute one of the most practical method for estimating surface tension from density and capillary rise measurements.
INTRODUCTION
Most of the phenomenological approaches for modelling the fluid properties in engineering applications are commonly based on the extended corresponding-states principle (author?) [1] . In this scheme, the estimation of thermodynamic properties can be made using multiparameter equations of state, that account for increasing molecular complexity by increasing the number of adjustable parameters. Such engineering equations of state (whose mathematical forms must be compatible for practical use in fluid mixture cases), are then generally convenient tools to estimate a single phase property with sufficient accuracy (author?) [1] . However the knowledge of properties in the nonhomogeneous domain (author?) [2] , such as the surface tension σ, the capillary length ℓ Ca , the density difference ∆ρ LV = ρ L − ρ V between the coexisting liquid and vapor phases of respective density ρ L and ρ V , are also of prime importance to gain confidence in fluid modelling and process simulations (geological fluid flows, assisted recovery of oil, storage of green house gases, pool boiling phenomena, microfluidic devices based on wetting phenomena, etc). Therefore, a large number of related phenomenological laws, referred to as ancillary equations, have been proposed in the literature (author?) [1, 2, 3 ] to calculate such properties in the nonhomogeneous domain. This complementary approach generally leads to unsolvable mathematical differences with values calculated from the equations of state, and increases in a substantial manner the number of adjustable parameters to account for complex molecular fluids.
Before focussing on the specific form of ancillary equations between σ and ∆ρ LV (author?) [4] , the so-called parachor correlations (author?) [1, 5] , it is interesting to recall the two well-known practical interests of the fluid modelling based on the extended corresponding-states principle: i) the thermodynamics properties of a selected pure fluid are fully specified from a few fluid-dependent parameters such as for example its critical coordinates T c (critical temperature), p c (critical pressure) andv c (critical molar volume) in the original and simplest form of the corresponding-states principle (author?) [6] ; ii) the most convenient tools to estimate the fluid phase surface, including the two-phase equilibrium lines, are provided by the cubic and generalized van der Waals equations (author?) [1] . Our main objective in this introductive discussion is then only to recall the number and the nature of the most usefull macroscopic parameters used in such engeneering equations of state (for a review see Ref.
(author?) [7] ). For more detailed presentations of the basic understanding from a rigorous microscopic approach of the molecular interaction and the theoretical background for developping better functional forms of the pressure-volume relationship see for example the Refs. (author?) [1, 8, 9, 10] and the review of Ref.
(author?) [11] .
It was well-known (author?) [6] that only the inert gases (Ar, Kr, Xe) can obey the two-parameter corresponding-states principle (i.e., an energy unit and a length unit mandatorily needed to compare dimensionless thermodynamic states for same values of the dimensionless independent variables, admitting that the molar mass of each one-component fluid is known). This restrictive conclusion was founded on results obtained in building unique functions of the reduced thermodynamic variables, examinating many thermodynamics properties, such as the density difference between coexisting liquid and vapour phases, the saturated vapour pressure curve, the second virial coefficient, etc.
Considering the modelling based on statistical mechanics (author?) [8, 9, 10] , this two-parameter corresponding-states description can be validated from the restrictive compounds made of spherical atoms with centro-symmetrical forces (such as precisely the inert gases mentioned above).
The short-ranged space (r) dependence of intermolecular pair potentials u (r)(author?) [12] can be written for example in the form u (r) = ǫ LJ F LJ r σLJ where F LJ is the Lennard Jones (12-6) universal function (author?) [8] . The two quantities ǫ LJ and σ LJ are scaling (energy and length) parameters which characterize a particular substance.
Compounds which obey this kind of universal potential function with two microscopic scaling parameters are said to be conformal (author?) [1, 9, 10] .
On the other hand, some intermolecular potential models with attractive interaction forces of infinite range, have given physical reality to the famous form (cubic with respect to volume) of the van der Waals (vdW) equation of state (author?) [13] , separating then the repulsive and attractive contribution to the pressurevolume relationship estimated from the generalized van der Waals theory (author?) [7] . Although the two pressure terms of the original van der Waals equation do not quantitatively represent the true repulsive and attractive forces, the introduction of the two characteristic constants for each fluid -its actual covolume b, not available to molecular motion due to a finite diameter of each repulsive molecule, and the amplitude a of the pressure decrease due to the intermolecular attraction -, has proven to be extremely valuable for the representation of its properties. Thus, after expressing the values of the van der Waals parameters a and b at the critical point, the unique function So that, at the macroscopic level, practical formulations of the two-parameter corresponding-states principle employ as scaling parameters the critical temperature T c (providing energy unit by introducing the Boltzman factor k B ), and the critical pressure p c (providing a length unit through the quantity ) . However, although this principle only applies to conformal fluids, it is easy to show that it allways generates unreductible difficulties to obtain satisfactorily agreement between theoretical modelling and experimental results, especially for the two-phase surface approaching the liquid-gas critical point. For example, the potential parameters ǫ LJ and σ LJ of a Lennard-Jones (12-6) fluid evaluated from different thermodynamic and transport properties of the same real fluid tend to be significantly different than the ones directly obtained from their relations to the critical point coordinates (although, according to the molecular theory, the calculated critical compression factor Z LJ 0c ≃ 0.290 remains the same for all these conformal fluids). Moreover, real atoms like Ar, Kr, and Xe are definitively not conformal (Z c , α c,R , and then Y c , pT P pc , etc., are not strictly constant numbers (author?) [9] ). Similarly, the well-known breacking up of van der Waals equation of state occurs immediately, noting that the value Z As stated above in the developpement of its simplest form from fluid state theories, a two-parameter description does not hold for real atoms and a fortiori for molecules with more complex shapes and interactions. Indeed, for compounds with non associating and non (or weakly) polar interactions of nonspherical molecules, also referred to as normal compounds, the deviations from the two-parameter corresponding-states modelling were most often described by one additional parameter, the so-called acentric factor, ω = −1 − log psat(T =0.7 Tc) pc , proposed by Pitzer (author?) [14] . The acentric factor was defined from the reduced value p * = psat pc of the saturated vapor pressure p sat (T ) at the reduced value T * = T Tc = 0.7 of the vapor saturation temperature, such that it is essentially ω ≅ 0 for inert gases Ar, Kr, and Xe. An inert vapor condensates at one tenth of the critical pressure at T * = 0.7, while a vapour of more complex molecules condensates at lower relative pressure, leading to ω positive, so that, the larger and more elongated the molecule, the larger ω, due to an increasing contribution of the attractive molecular interaction. Thermodynamics properties of the normal compounds can then be described by unique functions of the three parameters T c , p c , ω.
It is also well-established (author?) [1, 7] that this three-parameter coresponding state modelling can be accounted for by using a three-parameter equation of state, for example the frequently referred Soave-Redlich-Kwong (author?) [15, 16] , Peng-Robinson (author?) [17] , or Patel-Teja (author?) [18, 19] cubic equations of state. When a third parameter is introduced into a cubic equation of state, the critical compression factor Z 0c becomes fluid-dependent, as stated for real fluids. Unfortunately, although a three-parameter equation can be forced to the correct Z c , only better overall improvement of the accuracy in estimations of the phase surface is obtained when its calculated value is greater than the real one (for example Z RK 0c = 0.333 and Z PR 0c = 0.307 for Redlich-Kwong (RK) and Peng-Robinson (PR) equations of state, respectively, while Patel-Teja (PT) equation of state treats this calculated compression factor Z PT 0c as an adjustable parameter). More generally, such quantitatively inaccurate calculations are due to the relative rigidity of the cubic form (which limits the quality of the representation of derivative properties), added to fundamental limitations of analytic equations close to the critical point (which generate mean field behaviors of fluid properties).
Moreover, useful precise measurement of the saturation pressure curve p sat (T ), introduces a critical lim-
at T c , as another fluid characteristic parameter, also known as the Riedel factor (author?) [20] . Anticipating then result of the next Section which introduces the critical number Y c = However, the three-parameter corresponding-states modelling still remains not appropriate for describing highly polar and "associating" fluids (such as water or alcohols for example). At least an additional fourth parameter is needed to extend the corresponding-states approaches, which leads to multiple routes to account for this increasing complexity of the microscopic molecular interaction. Several empirical expressions have been proposed for this fourth parameter increment, such as the one introducing the Stiel polar factor (author?) [23] for example. Again a myriad of four-parameter corresponding-states models can then be defined using T c , p c , and practical combinations which provide only two independent dimensionless numbers chosen among the critical compression factor, the Pitzer acentric factor, the Riedel factor, the Stiel polar factor, etc. For example, Xiang (author?) [3] , noticing that polar and nonpolar coumpounds may have similar ω, but different Z c , or, in other words, that the relation between Z c and ω, that holds for normal fluids, does not hold for polar and associated fluids, has proposed recently to use the four parameters T c , p c , Z c , and ω. This latter description can be then accounted for by using a four-parameter equation of state, but noting that the results obtained from the fourparameter equations which are constrained to reproduce the critical point, are only slightly better than those obtained from the three-parameter equations of state.
A notable exception, recently proposed by Kiselev and Ely (author?) [24] , is the empirical implementation of the one-parameter (represented by the Ginzburg number Gi (author?) [25] ) crossover description in a generalized corresponding-states model which use the (four-parameter) Patel-Teja equation of state
to calculate the classical behavior of the Helmholtz free energy far away from the critical point (with the condition CR is a unique function, which accounts for a phenomenological crossover model that incorporates singular behavior in the critical region, and transforms into an analytical equation of state far away from the critical point. Thus, it was assumed that the Ginzburg number Gi (ω, Z c , M mol ) can also be expressed as a function of real acentric factor ω, critical compression factor Z c , and molar mass M mol of the fluid. As a final result, the unique four-parameter crosssover equation
Tc ,v vc ; ω, Z c , similar to the classical fourparameter equation of state, is able to predict with acceptable accuracy the phase surface near to and far from the critical point, only using the real critical parameters T c ,v c , Z c , and the acentric factor ω. However, in such an empirical modelling, the real p c and ∂psat ∂T T =Tc can never be accounted for as entry parameters which characterize the one-component fluid. ¿From this brief status of the extended correspondingstates principle, it seems undeniable that a minimum set made of four parameters is necessary to characterize each one-component fluid, thus identifying among a large set of usefull fluid-dependent parameters the four critical parameters T c , p c , Z c , and α c,R (or Y c ). If the introduction of T c , p c ,v c , seems the natural way to define the energy and length units and a related characteristic critical compression factor, the arbitrary choice of the fourth parameter confers empirical nature to any extended corresponding-states approach (and to any functional form of the equation of state based on, especially when the calculated compression factor differs from the real one).
It is then remarkable that the minimal set made of the four critical parameters T c , p c , Z c , and Y c could be alternatively identified from a phenomenological analysis (author?) [26, 27, 28, 29, 30] of the singular behaviour of these fluids approaching their liquid-gas critical point. Moreoever, a fundamental distinction occurs in this critical phenomena scheme since the introduction of the two dimensionless critical numbers Z c and Y c underlines their respective asymptotic scale-factor nature (see below and Refs. (author?) [26, 27] ). As an essential consequence, the two-scale factor universality (author?) [31] estimated by the renormalization group method of field theory (author?) [32] is thus accounted for in building the master (i.e., unique) dimensionless crossover functions (author?) [33, 34, 35] of the renormalized (i.e., rescaled) dimensionless field variables (author?) [36, 37] .
How to account for all these (practical and theoretical) results to develop the appropriate forms of the ancillary equations remains a difficult task, which was the object of few basic studies in regards the practical importance of the two-phase fluid properties. For example, the use of parachor correlations between σ and ∆ρ LV are a convenient way of estimating surface tension from density measurements. Moreover, recent model calculations (author?) [38] and phenomenological estimations (author?) [39] have shown the strength of the parachor correlations in the case of fluid mixtures.
For pure fluids, parachor correlations have the following form
where M mol = N A mp. N A is Avogadro number and mp is the molecular mass. The subscriptp refers to a molecular property, i.e. a property of the constitutive particle (atoms or molecules). The amplitude P e , called parachor, is a fluid-dependent property, while the parachor exponent π a,e is expected to have a unique numerical value for all the fluids. For a review of the π a,e and P e values, see for example Ref.
(author?) [5] . A subscript e indicates an effective value which corresponds to a given finite experimental range along the vapor-liquid equilibrium (VLE) line. Indeed, the introduction in the early 1920's of Eq. (1) was based on experimental observations close to the triple point where ρ V ≈ 0 ≪ ρ L (and then ∆ρ LV ≈ ρ L ), leading to the first proposed value of π a,e = 4 for the effective parachor exponent (author?) [4] . It was then noted that the fluid parachor P e is approximately a constant value in a large (in absolute scale) temperature range, leading to various attempts for its estimation by methods issued from group contribution methods, or extended corresponding-states principle. Accordingly, the parachor must be (at least) related to the four parameters involved in engineering equations of state. However, it is now well-established (author?) [40] that the validity range of such scaling form (1) is strictly restricted to the asymptotic approach of the liquid-gas critical point, where σ and ∆ρ LV simultaneously go to zero (author?) [41, 42] with the universal features of the uniaxial 3D Ising-like systems (author?) [31, 32] . Indeed, in that liquid-gas critical domain, it is expected that ∆ρ LV and σ behave as ∆ρ LV ∼ (T c − T ) β and σ ∼ (T c − T ) φ , respectively, where the critical exponents β and φ take the following universal values at d = 3: β ≅ 0.326 (author?) [43] and φ = (d − 1) ν ≅ 1.26 (author?) [41, 43] . To obtain the latter scaling law, use has been made of σ ∼ ξ d−1 (author?) [41, 42] , where the power law ξ ∼ (T c − T ) −ν (with ν ≅ 0.630 (author?) [43] ) accounts for the asymptotic singular behav-ior of the correlation length ξ. Obviously, the asymptotic Ising-like form of Eq. (1) reads σ ∝ (∆ρ LV ) φ β , with π a,e → π a = φ β ≅ 3.87 when σ → 0 and ∆ρ LV → 0, i.e., a universal power law behavior with universal critical exponent π a of value which differs significantly from π a,e = 4 for example.
Therefore, despite the fact that the parachor correlations were initially developed to correlate the surface tension of liquids close to their triple point, their theoretical justification is only well-understood close to the critical point. That infers a paradoxical situation when the main objective is to estimate a single value of P e in the largest two-phase domain. Moreover, when we consider an intermediate nonhomogeneous domain between critical point and triple point, it also seems not easy to invoke crossover arguments related to the classical meanfield theory of critical phenomena, as we will discuss in the final part of this paper. For example, effective values β e ≃ 0.36 − 0.30, φ e ≃ 1.20 − 1.30, and π a,e ≃ 3.5 − 4, are observed in an extended temperature range which goes to the triple point (see Appendix A). Such values significantly depart from mean-field ones
, and π a,MF = 3 (author?) [44] . In addition to these differences, the mean-field exponents do not satisfy hyperscaling (i.e. explicit d-dependence of some scaling laws), a difficulty precisely enhanced in the case of mean field exponents for the interfacial properties where an explicit (d − 1)-dependence also appears in "mixed" hyperscaling laws [for example, see below Eq. (51)].
Today, the estimation of parachors valid in a wide temperature range, from a limited number of fluid-dependent parameters, still seems an unsolved complex challenge.
The main concern of the present paper is to clarify this situation by only using the four well-defined critical parameters T c , p c , Z c and Y c in an asymptotic analysis of the parachor correlations approaching the critical point. A joint objective is to suppress asymptotical requirement for any other unknown adjustable parameter in a well-defined extension of the VLE line close to the critical point, substituting then the two-scalefactor universality of dimensonless fluids to the fourparameter corresponding-states principle to justify the observed master (i;e. unique) parachor function.
The paper is organized as follows. In Section 2, we observe, by application of the scale dilatation method, the asymptotic master critical behaviors for interfacial properties close to the critical point. The scale dilatation method only uses a minimal set made of four critical scale factors (neglecting here quantum effects in light fluids such as helium 3 (author?) [30] ), noted Q (19) ]. In Section 3, we unambiguously separate each scale factor contribution in the estimation of either the surface tension amplitude (only Y c -dependent), or the Ising-like parachor (only Z c -dependent). We conclude in Section 4. Appendix A gives a complementary practical route to extend the analysis over the complete VLE line.
MASTER SINGULAR BEHAVIORS OF INTERFACIAL PROPERTIES

Asymptotic singular behavior of interfacial properties
Close to the gas-liquid critical point, the asymptotic singular behavior of thermophysical properties are generally characterized by Wegner-like expansions (author?) [45] in terms of the following two relevant physical variables (author?) [41, 46] ∆τ
and
where subscript c refers to a critical property. ∆τ * and ∆ρ are the temperature field and the order parameter density, respectively, of the liquid-gas transition. Therefore, in the non-homogeneous phase (∆τ * < 0), along the critical isochore (ρ = ρ c ), the asymptotic singular behaviors of the symmetrized order parameter density ∆ρ LV and the interfacial tension σ read as follows
The Ising-like universal values of the critical exponents are β ≅ 0.326, φ ≅ 1.26, while ∆ ≅ 0.51 (author?) [43] is the Ising-like universal value of the lowest confluent exponent. The amplitudes B, B i , σ 0 , and σ i , are fluiddependent quantities which benefit from accurate theoretical predictions of their universal combinations and universal ratios only valid in the Ising-like preasymtotic domain (author?) [47, 48] , where the Wegner expansion are restricted to the first order term of the confluent corrections to scaling governed by the lowest confluent exponent ∆. Now, we introduce the squared capillary length (ℓ Ca )
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[also called the Sugden factor (author?) [49, 50] , noted S g ], related to σ and ∆ρ LV by
where g is the gravitational acceleration. Equation (6) expresses the balance between interfacial forces and volumic forces which define the shape and position of the liquid-gas interface in a gravity field of constant acceleration g. The asymptotic singular behavior of S g can be read as a Wegner-like expansion Table I ). Inserted Table  gives leading to the scaling law
with ϕ ≅ 0.934, and to the canonical amplitude combination
Equations (4) to (9) are of basic interest as well for measurement techniques of interfacial properties as for theoretical crossover descriptions when the temperature distance to T c takes a finite value (see Appendix A). The singular behavior of the Sugden factor S g as a function of the temperature distance T c − T was illustrated in Fig [51, 52, 53, 55] . Here, we have added the data sources (author?) [56, 57, 58, 59, 60, 61] of some hydrofluorocarbons (HFCs) and hydrocholorofluorocarbons (HCFCs) for related discussion in Appendix A. The raw data for the surface tension σ (T c − T ) and the symmetrized order parameter density ∆ρ LV (T c − T ) are reported in Figs. 1a and 1b, respectively. For the ∆ρ LV data sources see for example the references given in Refs. (author?) [5] , (author?) [55] , and (author?) [56, 57, 58, 59, 60, 61] . In each case, the universal Ising-like slope of the asymptotic singular behavior appears compatible with the experimental results. From these figures, it is also expected about one-decade variation for each fluid-dependent amplitude 2ρ c B (T c ) −β and σ 0 (T c ) −φ of the leading terms of Eqs. (4) and (5), respectively.
As in the Sugden factor case (author?) [51] , it also appears evident that the raw data used in present Fig. 1 cover a large temperature range of the coexisting liquidvapor phases since this range approaches the triple point temperature T TP . We have then adopted the same practical distinction between asymptotic critical range and triple point region in the temperature axis, using vertical arrows for the temperature distances where T = 0.7 T c (i.e. the temperature distance where the fluid-dependent acentric factor ω is defined) and T = 0.99 T c . In a large temperature range defined by 0.3 ≤ |∆τ * | ≤ 1 − TTP Tc , the nonuniversal nature of each fluid is certainly dominant (see for example Appendix A), while, in the temperature range |∆τ * | ≤ 0.01, the singular behavior descriptions by Wegner like expansions, and asymptotic two-scale-factor universality of their restricted two term form, hold.
Selecting σ and ∆ρ LV measurements at identical values of T c − T , we have constructed the corresponding σ-∆ρ LV data pairs. The singular behavior of σ (∆ρ LV ) is illustrated in Fig. 2a , while the corresponding behavior of σ (∆ρ LV )
−πa as a function of ∆ρ LV is given in Fig. 2b , as usually made to enlighten the contribution of the confluent corrections to scaling and to have better estimation of the uncertainty attached to the value of the leading amplitude. Simultaneously, from xenon to n-octane, we also underline about a three-decade variation for the fluid-dependent amplitude of this quantity, leading to about a half-decade variation of the effective parachor (expressed in J mole −1 m 3πa−2 unit when σ, ∆ρ LV , and M mol are expressed in J m −2 (or N m −1 ), kg m −3 , and kg mole −1 , respectively). Accordingly, by straightforward elimination of |∆τ * | in Eqs. (4) to (7), we find the exact Ising-like asymptotic form
where (as previously mentioned in the introduction part)
The Ising-like asymptotic value P 0 of the effective parachor P e can be estimated using the leading terms of Eqs. (4) to (7) and reads
depending on the pair of selected variables, either {σ; ∆ρ LV } or {S g ; ∆ρ LV }. Equations (10) and (11) clearly demonstrate the critical scaling nature of Eq.
(1), with an essential consequence: the parachor P 0 is a nonuniversal leading amplitude which must satisfy the two-scale-factor universality of the Ising-like universality class.
How to estimate the parachor appears thus as a basic question in a sense that only two nonuniversal leading amplitudes are sufficient to characterize the complete singular behavior of a one-component fluid when T → T c and ∆ρ LV → 0.
The basic set of fluid-dependent parameters
As proposed by Garrabos (author?) [26, 27] , a phenomenological response to the above basic question relies on the hypothesis that the set
of four critical coordinates which localize the gas-liquid critical point on the p, vp, T phase surface, contains all the needed critical information to calculate any nonuniversal leading amplitude of the selected fluid (here neglecting the quantum effects (author?) [30] 
Rewriting Eq. (13) as a four-scale-factor set
where,
we introduce the energy unit [β Table I provides values of the critical parameters involved in Eqs. (13) and (15) 3 gives distinct curves of σ * (∆ρ LV ) −πa as a function of ∆ρ LV , which confirms the failure of any description based on the two-parameter corresponding-states principle. Moreover, the direction difference π a,MF − π a ≅ −0.87 with a classical power law of mean field exponent π a,MF = 3 also disagrees with experimental trends at large temperature distance, as illustrated in Fig. 3 . On the other hand, the set Q min c [Eqs. (15) to (19) ] conforms to the general description provided from appropriate 4-parameter corresponding-states modelling, as mentioned in our introductive part. For example, we retrieve that the scale factor Y c [Eq. (19) ] is related to the Riedel factor α c,R = γ ′ c Tc pc by Y c + 1 = α c,R , as mentioned in our introductive part. However, as we will extensively show in this paper, the scale dilatation approach brings a theoretical justification to these critical parameters, initially introduced only to build extended correspondingstates principle.
First, the microscopic meaning of (β c ) −1 and α c , related to the minimum value [ǫ∼(β c ) −1 ], of the interaction energy between particle pairs at equilibrium position [r e ∼ 1 2 α c ] , takes primary importance. Thus, α c appears as the mean value of the finite range of the attractive interaction forces between particles. So that,
is the microscopic volume of the critical interaction cell at the exact (T = T c and p = p c ) critical point. Using thermodynamic properties per particle, it is straight to show that the critical interaction cell is filled by the critical number of particles
since, rewriting Eq. (18), we have
Second, since in the critical phenomena description only one length scale unit is needed to express correctly the non-trivial length dimensions of thermodynamic and correlation variables (author?) [31] , the above microscopic analysis is of primary importance. By chosing α c , the two dimensionless scale factors Z c and Y c are then characteristic properties of the critical interaction cell of each one-component fluid. Specially,
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Zc takes similar microscopic nature of the coordination number in the lattice description of the three-dimensional Ising systems, while α c takes similar microscopic nature of their lattice spacing a Ising .
On the basis of this microscopic understanding, we are now in position to estimate the Ising-like parachor from Q min c , using scale dilatation of the physical fields (author?) [26] .
The scale dilatation of the physical variables
The asymptotic master critical behavior for interfacial properties when T → T c and ∆ρ LV → 0, can be observed by using the following dimensionless physical quantities
and the following master (rescaled) quantities,
where, in Eqs. (26) to (30), we have only used the two scale factors Y c and Z c to rescale the dimensionless quantities, with σ
) is the molecular chemical potential (critical molecular chemical potential). n (n c ) is the number density (critical number density). The normalized variable n = N V , where µp is conjugated to the total amount of matter N , is then related to the order parameter (number) density expressing thermodynamic properties per molecule. As mentionned in the introduction, the (mass) density ρ = M V , where µ ρ is conjugated to the total mass of matter M , is related to the order parameter density, but expressing thermodynamic properties per volume unit. Here we have noted µ ρ = µp mp the chemical potential per mass unit. The dimensionless form of µ ρ isμ ρ = µ ρ ρc pc , while the one of µp is µ * p = µpβ c , with In Eqs. (26) and (27) , Y c and Z c are two independent scale factors that dilate the temperature field along the critical isochore and the ordering field along the critical isotherm, respectively. These Eqs. (26) and (27) are formally analogous to analytical relations (author?) [62] linking two relevant fields of the so-called Φ 4 d=3 (n = 1) model with two physical variables of a real system belonging to the universality class. That implicitely imposes that only a single microscopic length is characteristic of the system (author?) [31] , which then can be related to the inverse coupling constant of the model taking appropriate length dimension, precisely for the d = 3 case. When a single length is the common unit to the thermodynamic and correlation functions, the singular part of free energy of any system belonging to the universality class remains proportional to a universal quantity which generally refers to the (physical) value of the critical temperature. In the case of one-component fluids, the single characteristic length originates from thermodynamic considerations [see above α c of Eq. (17)]. Accordingly, the universal singular free energy density is expressed in units of (β c )
The master fields T * and H * have similar Ising-like nature to the renormalized fields t and h in field theory applied to critical phenomena.
Master crossover behavior for interfacial properties of the one-component fluid subclass
The observation of the critical crossover behavior of a master property P * in a P * − T * diagram, generates a single curve which can be described by a master Wegner-like expansion P * (T * ). Asymptotically, i.e. for T * → 0, the universal features of fluid singular behaviors are at least valid in the Ising-like preasymptotic domain (author?) [34, 47] where only two asymptotic amplitudes and one first confluent amplitude characterize each one-component fluid. In our present formu- Table I for the values of αc, βc, and Yc). The % differences δZσ,exp = 100 "
from the values Zσ = 1.156 estimated from universal amplitude combinations are given in column 7. For references see column 8.
lation of the liquid-vapor interfacial properties, we de-
2ρc , and we introduce the following master equations of interest, here restricted to the first order of the critical confluent correction to scaling to be in conformity with the above universal faetures,
with their interrelation [see Eqs. (8) and (6)]
The master asymptotic behaviors of M * LV and S * g * as a function of T * were observed and analyzed in Refs. (author?) [29] and (author?) [51] for several pure fluids. The corresponding master amplitudes take the values Z M ≅ 0.468 (±0.001) and Z S ≅ 2.47 (±0.17) (for the quoted error-bars see Refs. (author?) [29, 51] ). ¿From Eq. (34), the leading master amplitude for the surface tension case is then Z σ = Z M Z S ≅ 1.156 (±0.087). Here, using a method similar to the one applied to the Sugden factor case, we show in Table II that , using data sources of columns 2 and 3. Our estimation is then compatible with surface tension measurements at |∆τ * | = 0.01, neglecting confluent corrections in Sugden factor measurements (author?) [51] , and averaging (for all the selected fluids) the confluent correction contributions in density measurements to 10% at this finite distance to the critical temperature (author?) [29] . The values of Z σ,exp = σ 0 (α c ) 2 β c (Y c ) −φ (column 6) calculated from these σ 0 estimations are in close agreement with our master value Z σ = 1.156. The residuals δZ σ,exp = 100
Zσ,exp Zσ − 1 (column 7) expressed in %, are of the same order of magnitude than the experimental uncertainties [see for example Refs. (author?) [53] and (author?) [52] ]. We note that the +1% residuals between the experimental mean value Z σ,exp = 1.167 and the estimated master one Z σ = 1.156, have a standard deviation (±5.4%) comparable to the experimental uncertainties (∼ 7.5%). However, this good agreement on the central value is noticeable in regards to significant contributions of confluent corrections, as reflected by the effective exponent values φ e ≈ 1.28 − 1.31 larger than φ ≅ 1.260 at finite distance from T c (see also a complementary discussion related to the analysis of data at large distance from T c given in Appendix A).
Similarly, each confluent amplitude Z Despite their great interest for the validation of theoretical predictions, the exact forms of Eqs. (31) to (33) are not essential to understand the independent scaling role of the two scale factors Y c and Z c . Moreover, our present interest is mainly focused on the scaling nature of Z c . More precisely, by a variable exchange from ∆ρ to (Z c ) 1 2 ∆ρ, the expected master behavior must be observed when the master order parameter density
2 ∆ρ is used as a x-axis, generating then each "collapsed" curve of master equation P * (M * ) in the Ising-like preasymptotic domain, i.e. for M * → 0. Usually, such a master behavior of the singular fluid (bulk) properties occurs along the critical isothermal line T = T c , i.e., for T * = ∆τ * = 0, which provides disappearing of the scale factor Y c and which only preserves the contribution of the scale factor Z c in the determination of the fluid-dependent amplitudes (author?) [27, 28] . However, in the nonhomogeneous domain, the order parameter density spontaneously takes a finite value to distinguish the two coexisting phases in equilibrium. Thus, along the critical isochore, it is also possible to observe the master behavior of any singular (interfacial) property expressed as a function of the "symmetrized" order parameter density, starting with the surface tension as a typical example. 
where
88. This asymptotical amplitude is illustrated by an arrow in the vertical axis of Fig. 4b and the related horizontal dashed (blue) line indicates clearly that the observed master behavior at finite distance to the critical point seems in "asymptotical" agreement.
In addition, the formal analogy between the basic hypotheses of the renormalization theory and the scale dilatation method makes also easy to probe that the effective fluid crossover behavior estimated from the massive renormalization scheme is consistent with the asymptotical power law of Eq. (35)] when M * LV → 0. As a matter of fact, along the critical isochore, the theoretical estimations of the fluid master behaviors in a whole thermal field range 0 < |T * | < ∞ can be made using the recent modifications (author?) [34, 35] of the crossover functions calculated by Bagnuls and Bervillier (author?) [33] for the classical-to-critical crossover of the Ising-like universality class. However, as already noted in the Sugden factor case (author?) [51] , the theoretical function giving the classical-to-critical crossover of the interfacial tension is not available. Thus, to estimate Σ * th , we must use two alternative routes, introducing the theoretical estimations of either M * th (T * < 0) or ℓ * th (T * < 0). A first straightforward route consists in using as an entry quantity the theoretical value M * th of the master order parameter density, admitting then that Fig. 4 between these two theoretical estimations, or between them and the observed master behavior, when M * LV increase, we can now give a well-defined estimation of the effective extension of the VLE domain where the master crossover behavior of Σ * have physical meaning. Indeed, in a similar way as in our previous analysis of S g , the universal prefactor of Eq. (37) accounts for the "Ising-like" behaviors of the correlation length ξ (∆τ * < 0) and the surface tension σ (|∆τ * |), where we have used the universal ratio
ξ(∆τ * <0) = 1.96 and the universal amplitude combinations given by the products of the interfacial tension by the squared correlation length (author?) [52, 53] , i.e.,
where R [51] ). The superscripts ± refer to the singular behavior of ξ above (+) or below (−) T c . Equation (38) means that the interfacial energy of a surface area ξ d−1 tends to a universal value [expressed in units of (β c )
−1 ] for any system belonging to the Ising-like universality class (we recall that the thickness of the interface is then of order ξ (∆τ * < 0)). In such a description, the Wegner-like expansion of the correlation length, along the critical isochore, above and below T c , reads as follows
where the fluid-dependent amplitudes ξ , while the contribution of the confluent corrections is hypothesized the same above and below T c . Accordingly, the master correlation length ℓ * th = ξ αc (where we neglect here the quantum effects at the microscopic length scale of the order of α c (author?) [30] ), can be estimated using the asymptotical modifications (author?) [35, 72] of the crossover function for the correlation length in the homogeneous domain (author?) [33] . This master asymptotic behavior of ℓ * as a function of T * > 0 was analyzed in Ref.
(author?) [72] for seven different pure fluids, demonstrating that two specific ℓ * th -values in the range ℓ * th > 1 provide convenient marks to define: i) the extension of the Ising-like preasymptotic domain (i.e., ℓ * th 80), where the fluid characterization is exactly conform to the universal features calculated from the massive renormalization scheme;
ii) the extension of the effective fluid master bahavior at finite distance to the critical temperature where ℓ * th
3.
Introducing ℓ * th (T
, we can then complete the restricted two-term master forms of Eqs. (31) to (33) valid in the Ising-like preasymptotic domain, by the following two-term equation
where Z as shown by the arrow labeled PAD in Fig. 4 . Within this Ising-like preasymptotic domain, the agreement between the two theoretical estimations of Σ * are (qualitatively) conform to the three-amplitude characterization of the universal features. The quantitative conformity cannot be exactly accounted for within a well-estimated theoretical erro-bar, due to the absence of theoretical prediction for the crossover of the surface tension, large error-bar in the estimation of the amplitude of the first-order confluent correction term of the order-parameter density, and hypothesized contribution of the (homogeneous) confluent corrections in the correlation length case. Since α c measures the shorted-range of the microscopic molecular interaction, ℓ * = ξ αc gives the relative order of magnitude of the true correlation length ξ, and we can retrieve for the properties of a vapor-liquid interface of thickness ∼ ξ, the similar physical meaning of the two-scale factor universality in the close vicinity of the critical point, i.e., when the conditions ξ ≫ α c , or equivalently ℓ * ≫ 1, are satisfied. Practically, the asymptotic singular behaviors of σ (respectively Σ * ) and ∆ρ * LV (respectively M * LV ), including then the first order confluent correction to scaling as given by Eqs. (31) to (33) , are observed when the correlation length in the non-homogeneous domain estimated from Eq. (40) (42) as shown by the arrow labeled EAD in Fig. 4 ). As expected, the master behavior of Σ * is readily observed in this extended critical domain and in Appendix A, we give a convenient master modification of Eq. (36) to account for it precisely. Such an extended domain of the master behavior of the fluid subclass can be still understood since ξ 3 α c , so that ξ d 30 v c,I , and then more than 100 particles in cooperative interaction. However, it is noticeable that the practical relative values T = 0.99 T c of the temperature distance to T c frequently referred to define the critical region for each pure fluid are not inside the effective extension of the observed master singular behavior (see also Appendix A).
Finally, using |T * | = L CIC ≃ 0.2 where the size of the correlation length is equal to the size of the critical interaction cell filled by three or four particles, i.e., ℓ * th ≃ 1 [see Fig. 3 in Ref. (author?) [51] ], the related value of the order parameter density is M CIC ≃ 0.3 (43) as illustrated by vertical dotted line in Fig. 4 . We note that the pratical limit T = 0.99 T c with ξ ∽ 2 α c , is in between M {1f } and M CIC , so that ξ d ∼ 8 v c,I only involving ∼ 28 particles in interaction. Such a microscopic situation make questionable the critical nature of the fluid properties measured at this finite distance to T c , and more generally, shows that the range M * LV 0.3 can be considered as non-Ising-like in nature. Especially, Fig. 4 indicates unambiguously that the temperature T = 0.7 T c where the acentric factor is defined, leads to a correlation length smaller than the mean equilibrium distance r e between two-interacting particles, since the value ℓ * ≃ By inverting Eqs. (26) to (30), we can easily recover the asymptotical form for the interfacial properties of Eqs. (4) to (7) from the asymptotic form of the master Eqs. (31) to (33) . For example, the leading physical amplitudes B, σ 0 , and S 0 , can be estimated from the following relations
Similarly, from comparison of Eqs. (39) and (40), the amplitudes ξ ± 0 of the (bulk) correlation length can be estimated from the following relation
As expected, the leading amplitudes are combinations of the fluid scale factors. However, we underline the universal hyperscaling feature of Eqs. (45) and (47), where σ 0 and ξ ± 0 appear unequivocally related only to the scale factor Y c . This result is obtained from Widom's scaling law
with d = 3 in our present study. Using Eqs. (45), (47) 
We underline also the microscopic analogy between the scale units β (47)], to provide a Monte Carlo estimation of the above universal ratio (author?) [31, 73] .
In addition to the universal combination (49), we also briefly recall that equivalent universal combinations exist between the interfacial tension amplitude σ 0 and the heat capacity amplitudes A ± as a following form
where R 
Equation (52) means that the free energy of a fluctuating bulk volume ξ d also tends to an universal value [expressed in units of (β c )
−1 ] for any system belonging to the Isinglike universality class. We can then focuss our interest in the singular part ∆c V,p (∆τ * ) of the heat capacity at constant volume expressed per particle, along the critical isochore (ignoring the classical background part of the total heat capacity at constant volume). Indeed, the heat capacity per particle c V,p ∼ particle energy temperature increment is the unique thermodynamic property which can be made dimensionless by only using the "universal" Boltzmann factor k B , i.e. without reference to α c and (β c ) −1 . Therefore, when the singular heat capacity at constant volume, normalized per particle, obeys the asymptotic power law
along the critical isochore, one among the two dimensionless amplitudes
kB is mandatorily a characteristic fluid-particle-dependent number. ¿From the basic hypothesis of the scale dilatation method, this number should be related to Y c and Z c in a well-defined manner to account for extensive and critical natures of the fluid system, as will be shows below [see Eq. (56)].
For a 3D Ising-system (author?) [31] , the singular part of the heat capacity normalized by k B can be expressed in units of (a Ising )
d . In the case of the onecomponent fluid, the normalized heat capacity is expressed in units of (α c ) d , which is the volume of the critical interaction cell. For the one-component fluid subclass, the number of particles filling the critical interaction cell is 1 Zc , leading then to define the singular part of the master heat capacity per critical interaction cell volume (neglecting quantum effects), as follows
with ∆c * V,p = ∆cV,p kB . As needed from thermodynamics, such master heat capacity corresponds to a second derivative, C *
of a master free energy A * S (T * ) with respect to master thermal field T * (we do not consider here the critical contribution of an additive master constant A * c and the regular background contribution A * B (T * ) characteristic of each onecomponent fluid). Admitting now that the leading singular part of the master free energy behaves as
, the master asymptotic behavior of the heat capacity reads as follows (ignoring the critical and background contributions due to derivatives)
The constant values of the master amplitudes are Z 
where the respective scale factor contributions (i.e., the master nature of the critical interaction cell volume characterized by 1 Zc , and the field scale dilatation along the critical isochore characterized by Y c ), are well-identified using a single amplitude which de facto characterizes the particle. Now, for comparison with standard notations used in the literature on fluid-related critical phenomena where all the thermodynamic potentials are taken per unit volume, and not per particle, we also introduce the heat capacity at constant volume per unit volume, ∆c V =1 = ∆cV,p vp,c (labeled here with the subscript V = 1). Expressed in our above unit length scale [Eq. (17) ], the associated dimensionless form is
Obviously, ∆c * V =1 is strictly identical to the usual dimensionless form ∆c * V = ∆C V Tc V pc of the total singular heat capacity ∆C V = N ∆c V,p of the constant total fluid volume V , filled with the constant amount N of particles. Using the total Helmholtz free energy A (T, V, N ) where T, V, N are the selected three natural variables , we obtain
. From the corresponding quantities normalized per unit volume,
, which can be considered to define their related singular dimensionless parts
along the critical isochore. Admitting now that the leading singular term of the free energy divergence behaves as
noring critical constant and regular background terms), the asymptotic behavior of the singular heat capacity is
Therefore, the leading amplitudes A ± can be estimated from
which relates A ± only to the single scale factor Y c . However the implicit role [see Eq. (56)] of the particle number 1 Zc filling the critical interaction cell, cannot be ignored for basic understanding of the master thermophysical properties of the one-component fluid subclass.
As expected, using Eqs. (45) and (59), we retrieve the universal amplitude combinations of Eqs. (50) , such as
Simultaneously, using Eqs. (47) and (59), we also retrieve the well-known universal quantities
where R + ξ ≅ 0.2696 and R − ξ ≅ 0.1692, for d = 3 (author?) [33] .
Summarizing the above results for (seven) singular behaviors [surface tension, (±)-correlation length, (±)-heat capacity, and (±)-isothermal susceptibility], we note that the (five) Eqs. (44), (45), (46), (47), and (58) close the hyperscaling universal features along the critical isochore above and below T c , in conformity with the two-scalefactor universality. Therefore, among the three universal exponents ν, φ, and α, only one is readily independent [see Eqs. (48) and (52)]. The related master -physical (45), (47) and (59)].
As a partial but essential conclusion, amplitude σ 0 of the interfacial tension, is only characterized by the scale factor Y c accounting for the nonuniversal microscopic nature of each fluid crossing its critical point along the critical isochore.
The order parameter density dependence characterized by the Zc scale factor
The use of Eq. (35) to estimate the effective parameters of Eqs. (1) or (10), leads to the Ising-like expressions for the parachor exponent,
and the (asymptotical) parachor,
In spite of the complex combination of scale factors, we note that Y c does not appear in the right hand side of Eq. (63). However, as clearly shown in the above 3.1, Y c is the characteristic scale factor of the critical isochoric path where interfacial properties are defined. This amazing and important result is entirely due to the hyperscaling universal feature associated to the critical isothermal path, as will be discussed below. Indeed, to close the discussion on hyperscaling in critical phenomena, we need to introduce the two universal exponents η ≈ 0.035 and δ ≈ 4.82, characterizing universal features of correlation function at the critical point and thermodynamic function along the critical isotherm, respectively (author?) [54] . η and δ are related by the hyperscaling law
Equation (64), added to the previous Eq. (52), relate in a unequivocal manner the two (independent) exponents δ and α describing the thermodynamics, and the two (independent) exponents η and ν describing the correlations, via d uniquely. In addition, each {thermodynamic-correlation} exponent pair, either {δ; η}, or {α; ν}, characterizes each independent thermodynamic path to reach the critical point, either the critical isothermal line and the critical point itself, or the critical isochoric line, respectively (author?) [27] .
Obviously, universal values of the corresponding amplitude combinations have been theoretically estimated (author?) [31] . We have already given the universal am-
critical isochore), associated to the scaling law dν = 2−α. So that, to close the presentation of the two-scale-factor universality, we can also consider the universal amplitude combination 
where D is the customary notation of this leading amplitude); and iv) subscript x = n recalls for a thermodynamic potential which is normalized per particle and a definition of the order parameter density related to the number density, namely ∆m
n ; D n defined along the critical isotherm and at the critical point, and the {thermodynamic-correlation} pair {A ± ; ξ ± } defined along the critical isochore, from Eqs. (61) and (65), a single amplitude characterizes each thermodynamic path crossing the critical point, either at constant critical temperature, or at constant critical density, respectively. Considering the {interfacial-bulk} pairs {σ 0 ; A ± } and {σ 0 ; ξ ± }, the previous section has shown that Y c is precisely the single scale factor of the temperature field which characterizes the critical isochore. Therefore, in conformity with the two-scale-factor universality, we are now concerned by the existence of the equivalent {interfacial-bulk} pairs, which should involve Isinglike leading mplitude of the parachor correlations and either D c ρ or D ρ . Closing their respective Z c -dependence demonstrates then that Z c is precisely the single scale factor of the ordering field which characterizes the critical isotherm. Obviously, the above Eq. (63) where P 0 appears only Z c -dependent is already in agreement with such an universal feature.
Starting with the scaling law,
and using the hyperscaling law of Eq. (64), we can recalculate π a = φ β [see Eq. (62] . We obtain
with d = 3. The unequivocal link between the Isinglike parachor exponent π a and either η, or δ, is now undoubtedly due to mixed hyperscaling along the critical isotherm and at the critical point itself, expliciting the respective interface (d − 1) and bulk (d) dimensions. This Eq. (67) completes the similar mixed hyperscaling link
[see Eq. (48)] between interfacial exponent φ and either ν, or α, along the critical isochore.
To find the universal amplitude combinations associated with Eq. (67), we need to introduce an unambiguous definition of the parachor correlations from the corresponding Wegner-like expansions expressed in terms of the order parameter density. The following (master and physical) power laws notations, recalls for the thermodynamic definition of the interfacial tension of a non-homogeneous fluid where the order parameter density spontaneously is non-zero, along the critical isochore. As mentioned above, x = n and x = ρ reflect the two forms ∆m * and ∆ρ of the order parameter density, leading to the r.h.s. forms of Eq. (69) .
Using Eqs. (27) and (29) to compare the leading terms of master and physical Eqs. (68) and (69), we obtain x are associated to the singular behavior of the ordering field in a three-dimensional homogeneous fluid in contact with a particle reservoir, fixing the non-zero value of the order parameter density, and thermostated at constant (critical) temperature T = T c . In that thermodynamic situation, it is established that the (master and physical) ordering fields obey the following power laws
where Z G is a master constant for the one-component fluid subclass. Starting from the isothermal susceptibilities χ T,n = ∂n ∂µp T and χ T,ρ = ∂ρ ∂µρ T , associated to the order parameter densities ∆m * and ∆ρ, respectively, it is easy to obtain the following relation between the amplitudes of the right hand side of Eq. (78)
Similarly, using Eqs. (77), (78), and adding the relations between the master isothermal susceptibility X * = ∂M * ∂H * T * and their associated physical dimensionless forms (neglecting quantum effects), we obtain the following relations
Each one of Eqs. (80) gives the expected unequivocal link between D n , or D ρ , and Z c . We note that D n , or D ρ , and Z c are true critical numbers, i.e. dimensionless quantities defined at the critical point, exactly. One among these critical numbers characterizes the selected one-component fluid. Therefore, the above link is "basic" because it only depends of the hypothesized linear relation between master and physical conjugated (ordering field-order parameter density) variables. Eliminating Z c between Eqs. (76) and (80) provides the universal amplitude combination of Eq. (65), which closes the universal features along the critical isotherm and at the exact critical point, in conformity with the two-scalefactor universality. Finally, Eqs. (56) and (80) 
To complete our understanding of the universal features related to a (constrained or spontaneous) non-zero value of the order parameter density, we must compare also the bulk properties of each (liquid-like or gas-like) single phase at critical temperature T = T c , and the bulk properties of each (liquid or gas) coexisting phase in the non-homogenous domain T < T c (admitting then a symmetrical one-component fluid close to the critical point). In these comparable three-dimensional situations where the symmetrized order parameter density can take the same non-zero value at two different temperatures, the existence of universal proportionality (in units of (β c ) −1 ) is expected for the singular bulk free energy E * of a homogeneous phase, either maintained at constant (critical) temperature T = T c [i.e., 
This amplitude combination is related to the "cross" scaling laws [see Eqs. (51) and (66)]
Hereabove, Eq. (84) combines exponent ratios 
A ± always takes appropriate forms to ensure the disappearance of the Y c -scale factor, and only reflect hyperscaling attached to the critical isotherm, which is characterized by the Z c -scale factor, uniquely. As a consequence, we obtain the universal combinations
Similarly, we note that the amplitude products Γ ± B δ−1 or Γ ± n (B n ) δ−1 are associated to the "cross" scaling laws
which also reflect hyperscaling attached to the critical isotherm. Here above, Γ ± ≡ Γ 
The corresponding (two-term) singular behavior of the master susceptibility
where Z [43] . Now,
δ−1 , due to Eq. (86). This latter product reflects hyperscaling attached to the Z c -scale factor of the critical isotherm, uniquely. Introducing the universal combination
n using Eqs. (81) and (89), we obtain the following universal combinations which con-tain the Ising-like parachors
(90) Summarizing the results for the above (seven) singular properties (surface tension, order parameter density, ordering field, (±)-heat capacity, and (±)-isothermal susceptibility), we note that (three) Eqs. (65), (83), (89), and (two) universal ratios
close the hyperscaling universal features, at the critical point, along the critical isotherm, and in the nonhomogeneous domain, in conformity with the two-scale-factor universality. Therefore, among the exponents η, π a , δ, and exponent ratios (71), (76), (81), (85), and (90)].
As a partial but essential conclusion, the Ising-like parachor of the interfacial tension, expressed as a function of the order-parameter density, is only characterized by the scale factor Z c proper to account for nonuniversal microscopic nature of each fluid at its critical point or crossing them along the critical isotherm.
CONCLUSIONS
In contrast with all previous studies on the parachor correlations, the present estimation of the behavior of interfacial tension as a function of the density difference of the coexisting vapor and liquid phases in the critical region, is made without adjustable parameter when Q min c = {(β c ) , α c , Z c , Y c } is known for a selected onecomponent fluid.
The interfacial-bulk universal features of exponent pairs, {φ; α} and {φ; ν}, or amplitude pairs, {σ 0 ; A ± }, and {σ 0 ; ξ ± }, indicate that the singularities of the surface tension, the (thermodynamic) heat capacity, and the (correlation) length, expressed as a function of the temperature field along the critical isochore are wellcharacterized by a single characteristic scale factor. Using the scale dilatation method, we have shown that this (fluid-dependent) scale factor is Y c , precisely. Similarly, the interfacial-bulk universal features of exponent pairs, {π a ; δ} and {π a ; η}, or amplitude pairs, {D ;D x , indicate that the singularities of the surface tension, the (thermodynamic) ordering field and susceptibility, and the (correlation) length, expressed as a function of the order parameter density along the critical isotherm and in the nonhomogeneous domain, are wellcharacterized by a single characteristic scale factor. Using the scale dilatation method, we have also shown that ii) beyond the Ising-like preasymptotic domain, this function must provide an easy control of supplementary adjustable parameters needed to recover each real fluid behavior at large distance from the critical point.
Practically, the master values A Σ = 0.575243 and B Σ = 0.302034 of the adjustable parameters were thus obtained by optimizing the fit on the experimental %-residuals of the normal fluids Xe, Kr, N 2 , and O 2 , as illustrated by the corresponding black full curve in Fig.  5a . For any other selected fluid, it was then easy to estimate the related "non-universal" deviation, expressed in %, i.e., δR Σ * = 100 R Σ * PAD R Σ * mas − 1 , as shown in Fig. 5b .
We observe that, the larger the value of the renormalized order parameter density, the more the fluid behaviors differentiate and the "larger" is the deviation (in amplitude and shape) from the master crossover behavior.
The theoretical estimation of these fluid differences, for example in the range of the VLE line which includes the temperature value T = 0.7 T c where the acentric factor is defined, is out of the present understanding of any fluid [75] , where the main objective is to recover consistency with the usual description of the surface tension at large distance from the critical point by the equation
In the above effective power law, σ 0,e and φ e are the two adjustable parameters which characterize each onecomponent fluid. Indeed, the noticeable result is a quasiconstant value of φ e which is found in the 1.2 − 1.3 range for most of the fluids, but which significantly differs from the mean-field value φ MF = 3 2 , as mentioned in our introduction. In this Appendix, we limit the analysis to the S g and σ data which are tabulated as a function of T data in Refs. (author?) [58, 59] , for eight HCFCs and HFCs listed in Table I (for the complete study see Ref.
(author?) [75] ). As in the large number of experimental works related to the determination of the surface tension, only the squared capillary length data were effectively measured from differential capillary rise method (DCRM), as a function of temperature. Then the surface tension data have been calculated using Eq. (6), where the density difference ρ L − ρ V was estimated from published ancillary equations for the liquid density and vapor density, along the VLE line. Therefore, introducing the critical temperature T c and the critical density ρ c of each selected fluid given in Table, we can re-calculate the ∆ρ * LV data at each tabulated value of T c − T , using thus the equation
where g = 9, 80665 ms −2 is the Earth's gravitational acceleration.
We have fitted the tabulated σ data, using Eq. (A3). In addition we have also fitted the tabulated S g and recalculated ∆ρ * LV data, using the following equations The adjustable values of σ 0,e , φ e , S 0,e , ϕ e , B e , β e , Σ 0,e , and π a,e , are reported in Table III and permit to . As a conclusive remark, it appears that the Eqs. (A3) and (A7) are explicit results due to the initial use of "power laws" [see Eqs. (A5) and (A6)] to fit the "measured" S g data and ∆ρ * LV data, respectively, in the same restricted temperature range. The interfacial properties S g , ρ L −ρ V , and σ, of each fluid are then characterized by two amplitude-exponent pairs, i.e., four adjustable parameters (in addition to the needed critical parameters which characterize the liquid-vapor critical point). Moreover, in such a self-consistent result of the fitting, the relative error-bar on the surface tension data can then be readily approximated by the sum of the relative error-bars on the squared capillary length and coexisting relative density measurements (thus including the relative uncertainty on the ρ c value, generally of the order of 1%).
In the next step, at each tabulated temperature, we have estimated:
1) the renormalized surface tension where Σ * f and p f are two adjustable parameters, given in Table III . As a final result, the parachor correlation now reads
where the "confluent" correction to the leading term contains two parts: i) a master contribution which is the same for all the pure fluids; ii) a non-universal contribution which is characterized by the exponent-amplitude pair p f ; Σ f for each pure fluid. Figure 6 gives the corresponding residuals R Σ * f = 100 Σ * tab Σ * − 1 over the temperature range of the VLE line covered by the capillary rise measurements. In this figure, we have also reported each error-bar contribution of the experimental accuracy of ±0.2 mN m −1 claimed by the authors (ignoring the corresponding contribution of the claimed accuracy (±20 mK) on temperature measurements).
We conclude that the above practical approach based on the correct master description of the asymptotic Isinglike domain for the one-component fluid subclass, provides an easy control of the adjustable parameters needed to recover the experimental behavior at large distance from the critical temperature.
